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The Size of the Aorta in Warm- Blooded Animals and its 
Relationship to the Body Weight and to the Sxirface Area 
Expressed in a Formula. 

By Geoeges Dreyer, William Eay, and E. W. Ainley Walker. 

(Communicated by Francis Gotch, F.E.S. Eeceived September 30, — Eead 

December 5, 1912.) 

(From the Department of Pathology, University of Oxford.) 

In recent years it has become increasingly evident that many of the most 
important problems of physiology and of experimental pathology cannot be 
investigated in a satisfactory manner until accurate data have been made 
available regarding the quantitative differences which are exhibited by the 
organs, tissues, and fluids of the body in normal animals of different species 
and of varying weights. Eesults obtained with animals of any given weight 
cannot be applied, even within one and the same species, to yield con- 
clusions regarding animals of a different weight until it has been determined 
with precision how the various orgeins and tissues of the body are related 
to the size of the individual. Moreover, it will not be possible to compare 
one species with another, or to apply the results deduced from any giv^n 
species to any other species of animal, until we can establish the existence 
of some kind of quantitative correlation between the measurements in 
different species. That this will prove to be possible seems likely from an 
examination of the results already obtained by us in studying the various 
factors which influence the circulatory system and determine the size of 
the heart (1). 

In connection with our study of the blood and cardio-vascular system 
under normal and pathological conditions, it was shown that the blood 
volume of normal animals of any given species is proportional to their body 
surface, and follows the formula B = W^/yfc, where yfc is a constant for the 
species and n is approximately 0*70-0*72 (2), (3). Accordingly it became 
of interest, in view of the theories which have been put forward regarding 
the volume of the blood and the size of the aorta in chlorotic conditions, to 
endeavour to determine how the size of the aorta is related to the weight 
of the individual in any given species of animal. 

For this purpose we have made a series of measurements of the aorta in 
various mammals and birds (4). In the case of the birds some of the 
measurements which we have made use of were carried out by Mr. H. K. Fry 
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in connection with other work undertaken in the department in collaboration 
with one of us (G. D.), but not yet published. 

All the animals used were strong and healthy and in good condition. 
They had been kept in the laboratory under as equable conditions as 
possible as regards food, etc., and, of course, had not been employed in any 
previous experiment. Pregnant animals were naturally excluded. 

Methods. — The animals were killed, the aorta divided just above the 
semilunar valves (care being taken that the section should be accurately 
transverse), and a portion removed from the body by cutting through the 
aortic arch after careful dissection. The proxiinal end of this portion of 
the aorta was then measured in the following manner : — The severed artery 
is placed in a special holder, closing with parallel limbs by means of which 
a uniform and gentle pressure is applied to the vessel until its lumen is 
just obliterated, and the walls meet in a straight line along the middle of the 
closed vessel. This straight line is then measured with fine-pointed compasses 
and the measurement pricked off on a piece of hard glazed drawing paper. 
This length represents half the internal circumference {irr) of the vessel. 
The external measurement is recorded in a similar manner. The vessel is 
then released completely and the process repeated again and again until from 
four to eight independent measurements (both internal and external) have 
been recorded. Great care is taken to avoid squeezing the vessel unduly. 
At the same time sufficient pressure must be applied to ensure that the walls 
lie quite flat against each other. The lengths thus pricked off upon the 
paper form a permanent record, and are subsequently measured by means of 
special callipers, fitted with a vernier scale which allows readings to be made 
to 1/20 mm. From the observed ttv the radius and the sectional area of the 
vessel are determined. The internal measurements are those made use of in 
the present communication, which deals only with the capacity of the vessel. 

It must be observed that while the measurements which we have made 
give a reliable value for the (internal) circumference of the aorta within 
each species, they do not necessarily afford an absolute measure of the 
size of the vessel in these animals at any given phase of the circulation 
during life. 

The method here made use of was selected because it proved to yield the 
best results in our hands, particularly in the case of small animals. But it 
is open to considerable experimental error. This source of fallacy, however, 
is greatly reduced by multiplying the number of individual observations of 
each artery. It also diminishes greatly with increasing experience. 

Own Observations, — ^In all the tables the body weight recorded is the 
natural weight (in grammes) of the animal immediately before it was killed, 
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jand consequently includes the weight of the contents of the alimentary 
canal, i,e, it is '' Eohgewicht/' The aortic radius is calculated in millimetres 
^nd the sectional area in square millimetres from the observed 7rr. 



Table I.— Guinea Pigs (individuals). 
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A. Mammals,— In. Table I are given the figures and calculations for 
35 guinea-pigs ranging in weight from 130 to 950 grm. {i.e. increasing more 
than sevenfold). From this table it is at once evident that, as would be 
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expected, the radius of the aorta increases much more slowly than the weight 
of the animal. The area of the aortic cross-section also increases more 
slowly than the body weight (though of course much more rapidly than the 
radius), so that the ratio of the sectional area of the aorta to the body weight 
decreases steadily as the weight of the animal increases. But it appears on 
calculation that the body weight (W) to the nth power (where n is approxi- 
mately 0*70-0*72) divided by the sectional area (A) is a constant (Jc), 

This gives us the formula W^/A = k, which indicates that the sectional 
area of the aorta is a simple function of the surface of the body since, as was 
shown in a previous paper, the body surface, which can be calculated from 
the formula S = JcW^ is more accurately determined by taking n to be 
approximately 0-71— 0*72 than by taking it equal to 2/3 as was done by 
Meeh (5). IsTow it has been proved on former occasions that the blood 
volulne is proportional to the body surface, hence it follows that the sectional 
area of the aorta is proportional to the blood volume of the individual. 

Table I further shows that the average value of k is 24*9, corresponding 
to an n of 0*71, which is by calculation the best-7^ for these individuals, and 
that if the aortic cross-section be calculated from our formula A = W^/k 
using these values for n and k, the average percentage deviation between 
calculated and observed values is 16*44. If, on the other hand, the sectional 
area is expressed as a percentage of the body weight (0*78), the average 
deviation between the calculated and the observed values is 19*68 per cent. 

It may be stated further that if the value 0*72 is taken for n, the average 
value of k becomes 26*5, and, if the sectional area is calculated fron^ 
A = W^'^^/26*5, the average percentage deviation between the calculated and 
the observed figures is found to be 16*53. 

In order to bring out the various points more clearly, to get rid of 
irregularities due to individual variations in the animals, and to diminish the 
influence of experimental error, the animals have been grouped in Table II. 

In this table the guinea-pigs are arranged in five groups according to* 
weight, and the weights, the aortic radii, and the aortic cross-sections of the 
animals in each group averaged. The other figures are calculated from these 
average values. 

It is found that, under these circumstances, the best n is 0*72 (exactly a& 
WQ found to be the case in calculating the surface from the body weight)^ 
and the average value of k is 25*6. Using these values for n and k, the 
average deviation between the calculated and thelDbserved figures is 2*97 per 
cent., whereas, if the sectional area be calculated as a percentage (0*78) of the 
body weight, the average percentage deviation becomes 14*2, that is to say, 
nearly five times as large. Moreover, it will be observed that, while the^ 
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Table XL — Guinea-pigs (grouped). 
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exhibits no periodic variation as the weight of the animal increases, the 
figure representing the sectional area in percentage of body weight decreases 
with absolute regularity from 0*93 to 0*63. 

As regards the question of sex, if the males and females be considered 
separately in Table I, it will be seen that the average h for the 18 males is 
smaller than the^ for the 17 females. Thus, with n equal to 0*71, the h for 
the males is 23*9, and that for the females 26, while with n equal to 0*72, h 
is 25*4 for the males and 27*6 for the females, indicating in each case that 
the male animals had somewhat larger aortas than had the females of 
corresponding weights. But this is a point to which we shall return. 

In Table III are given the figures and calculations for the aortas of 
27 rats, ranging in weight from 30*1 to 303 grm. {i.e. increasing more 
than tenfold). The average aortic constant {h) is 21*37, with an ^?/ of 0*71, 
which is the best n for these observations, and the average aortic percentage 
{i.e. sectional area of aorta expressed as a percentage of body weight) is 1*27. 
It is seen that, as in the case of the guinea-pigs, the variations of the aortic 
constant show no periodicity, but the aortic percentage decreases markedly 
and steadily, although not regularly, as the animals increase in weight. If 
the area of the aortic cross-section is calculated by our formula, the average 
deviation between the calculated and the observed figures is 11*09 per cent., 
while it is 19*72 per cent., or nearly twice as large, when the area is 
calculated in per cent, of body weight. If the value 0*72 be taken for n, h 
becomes 22*36, and, if these values be used in calculating the sectional 
aortic area by our. formula, the average percentage deviation of the observed 
from the calculated figures is 11*37 per cent. 
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Table III.— Eats (individuals). 
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In Table lY the rats are arranged in six groups according to weight, 
and the aortic constant and aortic percentage are calculated from the average 
figures of these groups. As in the case of the grouped guinea-pigs, the best n 
is 0*72, giving an average h of 21*9. It will be observed that in these grouped 
animals the variations in the aortic constants of the groups are very small 
and are non-periodic, while the aortic percentage falls markedly and very 
regularly from 1*67 to 0*96. Using the values just stated for n and Z?, the 
average deviation between the calculated and the observed figures for the 
aortic cross-section is only 1*18 per cent., while it is 16*22 per cent, (nearly 
14 times as large) if the area be calculated in per cent; of body weight. 
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Table IV.- — Eats (grouped). 
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Table V. — Babbits (individuals). 



o 

J2i 







■ 
• 












•^^ 




• 


o 

eg 




bD 


^H 




o 


o 




^ 


w. 


• 




^ 
^ 


O 


ce 


QQ 


pq 


w 



I 

O 
U 
O 

O 

• 1-4 

u 
o 

=3 % 






OQ 



o 

!l 



c3 



• ^ J-4 'S 



n3 

I — I 

I — I ""^ 
o 



r>. 









O 

I 

O 

Q 



^ 



-^ 



o 



■4i 



_. ^ 

O O 

•?H 

o 5 fl 

O S ce 



ft 







!=! . 


i^ o 

eg CD 


1 




§S-^ 


-§ 


""^ 


§ g> bb 


42 


CO 


ection 
rcenta 
dy we 




o o 


O 
O 

fl 


-secti 
and 


02 o 2 


o 


02 rrj 


CO 02 «+-! 

p ce O 




cros 
late 


^H 


• ?H 




o 


ft 





1 

2 
3 
*4 
5 
6 

8 
9 

no 
11 

12 






grm. 

310 

370 

530 

767 

1330 

1420 

1640 

3885 

2080 

2096 

2100 

2550 



mm. 





1 
1 
1 
1 
1 
1 
1 
2 
1 
1 



•996 

•926 

•14 

-43 

-41 

•47 

•85 

-59 

•84 

-07 

•71 

•74 



sq. 
3 
2 
4 
6 
6 
6 

10 
7 

10 

13 
9 
9 



mm. 

-12 

•7 

•1 

•44 

-25 

•77 

-23 

•97 

•64 

•45 

•15 

•52 



18 -82 


1 '006 


2' 


24 'QQ 


73 


2- 


20-96 


0^774 


3- 


17 35 


-84 


4- 


26 43 


0^47 


7- 


25 56 


0-477 


1' 


18-74 


0-624 


S' 


26 -55 


423 


9- 


21-32 


0-512 


10 • 


16-96 


0^642 


10 • 


24-97 


0-436 


lo- 


27 54 


0^373 


ll- 



•61 

-96 

•82 

-97 

•35 

•7 

•52 

•41 

•09 

•15 

-16 



per cent. 




perc 


19-54 


1-89 


65- 


8-78 


2-25 


20- 


7 33 


3-23 


26- 


33-6 


4-67 


37- 


14^96 


8-1 


22- 


12-08 


8-65 


21- 


20^07 


9-99 


2- 


15-3 


11-48 


30- 


5-45 


12-67 


16- 


32 51 


12-76 


5- 


9 94 


12 -79 


28- 


18 35 


15-53 


38- 



-08 

-0 

•93 

-9 

-84 

•73 

-4 

-57 

•02 

•41 

-46 

•7 



Average 



22-49 



0-609 



16-49 



26-34 



* The data for the individuals indicated are taken from Keilson (6). 



Table V gives the figures for the aortas of 12 rabbits, ranging in weight 
from 310 grm. to 2250 grm. {ix. increasing more than eightfold). The average 
aortic constant (A;) is 22*49, with an n (best n) of 0*71, and the average 
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aortic percentage is 0*609. The variations of the aortic constant show no 
periodicity, but the aortic percentage decreases very greatly (although not 
regularly) as the animals increase in weight. When the aortic area {i.e. area 
of the cross-section of the aorta) is calculated by our formula, the average 
deviation of the observed from the calculated figures is 16*49 per cent., while 
it is 26*34 per cent, if the area be calculated in per cent, of body weight. 
If the value 0*72 be taken for n^ k becomes 24*15. 



Table VI.— Eabbits (grouped). 
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In Table VI the rabbits are arranged in five groups according to weight, 
and the aortic constant and aortic percentage are calculated from the average 
figures of these groups. In this case the best n is 0*71, giving an average 
k of 22*1. The variations in the aortic constant are without periodicity, but 
the aortic percentage falls gradually, though not quite regularly, from 0*856 
in the lightest, to 0*484 in the heaviest group. Using the above values for n 
and k, the average deviation of the observed figures from the calculated is 
7*26 per cent., while it is 26*08 per cent, (between three and four times as 
great) if the area be calculated as a percentage of body weight. 

We now return to examine the question of sex as regards its bearing on the 
size of the aorta in these mammals. Since the number of our observations 
within any one of the species can hardly be regarded as sufficient to justify a 
general inference, we have taken all three species of animals together and 
made the figures comparable, inter se, by reducing them in terms of a common 
standard. When this is done, and the male and female animals are taken 
separately, it appears that the sectional area of the aorta in the male expressed 
as a function of the body surface is about 3 per cent, greater than it is in a 
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female of the same weight This is of special interest in view of the fact 
that a difference of the same size and character was observed by two of 
us in the blood volume of male and female rabbits. It may be noted, 
further, in this connection that, so far as we have yet ascertained from 
our data, the heart in the male animal is somewhat larger than in the female 
of the same body weight and species. 











Table VII.- 


—Ducks (individuals). 
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B. Birds, — Table VII gives the figures for the aortas of 10 ducks, ranging 
in weight from 70 grm. to 2850 grm. (i^. increasing more than fortyfold). 
The average aortic constant (k) is 10*75 with an n (best^) of 0*70, and the 
^average aortic percentage is 1*56. The variations of the aortic constant are 
small and show no periodicity, but the aortic percentage decreases very 
•greatly and with absolute regularity as the animals increase in weight. 
When the aortic area (A) is calculated by our formula, the average deviation 
of the observed from the calculated figures is only 2*87 per cent., while it is 
38*59 per cent, (more than 13 times as great) if the area be calculated in 
per cent, of body weight. 

If the value 0*71 be taken for n, h becomes 11*54 and the average deviation 
between calculated and observed values is 3*12 per cent. ; with n equal to 
©•72, /<; is 12*19. That the value 0*71 for n is very nearly as good as the 
*^hQBt''n (0*70) is shown by the fact that while the average deviations per 
<jent. are 2*87 and 3*12 respectively with n = 0*70 and n = 0*71, the onean 



48 



Messrs. Dreyer, Ray, and Walker. [Sept. BOj, 



deviatiom calculated by the method of least squares are 3*67 and 3*63 per 
cent, respectively with the same values of n. That is to say that the value 
0*71 gives a very slightly smaller mean deviation than the value 0*70. 

Table VIII.-— Fowls (individuals). 
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In Table VIII are given the figures for the aortas of six fowls, ranging in 
weight from 40*6 grm. to 1598 grm. (^.^. increasing nearly fortyfold). The 
average aortic constant (k) is 21-21 with an n (best n) of 0*72, and the 
average aortic percentage is 1*14. The variations of the aortic constant are 
quite small and show no periodicity, but the aortic percentage decreases very 
greatly and almost regularly from 1*648 in the lightest animal to 0*614 in the 
heaviest. When the aortic area (A) is calculated by our formula the average 
deviation of the observed from the calculated figures is only 2*76 per cent.> 
while it is 46*06 per cent, (nearly 17 times as great) if the area be calculated 
in percentage of body weight. 

With n taken as 0*71, /b becomes 20*08 and the average percentage deviation 
between observed and calculated figures is 3*28. 

Table IX contains the figures for 10 ptarmigan purchased from a game- 
dealer. These were birds which had been shot, and they show the greatest 
range of weight we were able to obtain, namely, from 470 grm. to 710 grm. 
The average aortic constant (Jc) is 11*4 with sm n (best n) of 0*71, and the 
average aortic percentage is 1*4. The variations of the aortic constant show 
no periodicity, but the aortic percentage decreases from 1*66 in the lightest 
to 1*23 in the heaviest animal. When the aortic area (A) is calculated by 
our formula the average deviation of the observed from the calculated figures- 
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is 7*12 per cent., while if the area be calculated as a percentage of body- 
weight it is 7*22. If the value 0*72 be taken for % k becomes 12'2. 



Table IX. — Ptarmigan (individuals). 
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Table X. — Ptarmigan (grouped). 
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In Table X the ptarmigan are arranged in four groups according to weight, 
and the aortic constant and aortic percentage are calculated from the average 
figures of these groups. In this case the best n is 0*72, giving an average 
value for h of 12*1. The variations in the aortic constant are small and non- 
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periodic, but the aortic percentage falls gradually though not quite regularly 
from 1*49 to 1*35. Using the above values for n and h, the average deviation 
of the observed figures from the calculated is 1*28 per cent., while it is 2*99 
per cent, (more than twice as great) if the area be calculated as a percentage 
of the body weight. 

Table XI.— Sparrows (individuals). 
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Table XI gives the figures for the aortas of six sparrows ranging in weight 
from 22*05 grm. to 26*6 grm., a very small range indeed, but the best which we 
were able to obtain at the time. The average aortic constant {k) is 22*6 with 
an n (best n) of 0*71, and the average aortic percentage is 1*771. The variations 
of the aortic constant show no periodicity. When the aortic area (A) is 
calculated by our formula the average percentage deviation between the 
calculated and the observed figures is 13*02, and it is 14*24 if the area be 
calculated as a percentage of body weight. 

If n be taken as 0*70 the value of h is 21*9, and with an n of 0*72 h is 23*4. 

C. ThomaJs Observations on Man, — Table XII contains the figures for the 
aortas of 33 human individuals calculated from the grouped observations 
published by E. Thoma (7). The individuals in question ranged in age from 
two months to 29 years and the range in weight of the groups is from 
8941 grm. to 49,000 grm. The best n is 0*70, which gives an average value 
for k of 5*03. The variations in the aortic constant are without periodicity, 
but the aortic percentage falls gradually though not quite regularly from 
1*309 in the lightest group to 0*804 in the heaviest. Using these values 
for n and \ the average percentage deviation of the observed from the 
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* Thoma's data are printed in light type. The figures calculated by us are printed in heavy 
type. 

calculated figures is 3*08, while it is 17*27 (more than five and a-half times as 
great) if the area be calculated as a percentage of the body weight. 

If the value 0*71 be taken for n the value of k becomes 5*55, and with an 
n of 0*72 h is 6*13. Taking n as 0*71 the average percentage deviation of the 
observed values from those calculated by our formula is 3*16 as compared 
with the deviation of 3*08 per cent, with n equal to 0*70. Or if the appropriate 
allowance be made for the number of individuals in each of the groups, the 
figures for the average percentage deviation of the observed values from the 
theoretical values given by our formula are 2*69 with an n of 0*70 and 2-73 
with n of 0*71, indicating the fact that the value 0*71 for n is only very 
slightly less good in these observations than the value 0*70. 

Thoma himself, who, in his great monograph (7) on the size and weight of 
the various parts of the human body under normal and diseased conditions, 
endeavoured to establish a definite quantitative relation between the body 
weight and the aortic radius, defined the correlation which he found to exist 
in the stateraent that the body weight divided by the cube of the aortic 
radius was approximately constant over a wide range of weight. 

This he expressed in the formula W jr^ = K. The formula was purely 
empirical, and possessed no special biological significance, though it repre- 
sented the experimental data in an extremely satisfactory manner. It will 
be seen, however, that it is readily transformable into the formula 

W^/ttt^ = k, which is the formula deduced by us from our observations 

E 2 
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upon, animals (W*/A = k) if one gives oi the value f or. 0*67 instead of 
0*70-0*72, as we have found it to be. This latter formula is a rational 
lorniula, since it indicates, as has already been pointed out, that the aortic 
area (iikSe the blood volume) is a function of the body surface. 



Table XIII.— Man (grouped). Thoma's Observations.* 
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* Tlioma's data are printed in light type. The figures calculated by us iare printed in heavy 
type. 

In Table XIII we have calculated K for Thoma's figures from the formula 
W/r^ = K, first giving n the value 3 as in Thoma's formula, and then 
giving it the value 2*82, which corresponds to ^ = 0*71 in our formula, 
and is the best n for Thoma's observations. It then appears that if the 
aortic radius be calculated by means of these values of K the average 
percentage deviation between r calculated and r observed is 1*70 when n 
has the value 3, while it is only 1*56 when n has the value 2*82. Moreover, 
if the- appropriate allowance be made for the number of individuals in each 
group the figures become 1*65 with n taken as 3, and 1*35 with n taken 
as 2*82. It will, of course^ readily be apprehended that differences of this 
amount in the radius assume a considerable importance when calculations 
are made by area ('^.^. Trr^), as is necessary in referring the aortic area to the 
body surface. 

In Table XIV are tabulated our main results arranged in such a manner 
as- to show at a glance the range of weight, the best ^, the value of k, the 
percentage deviation, and so forth for each species of animal. It will be 
seen from the averages brought out at the foot of the table that taking all 
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our animals together the average percentage deviation for the individual 
animals between the calculated and the observed figures for the aortic area 
is 9*97 when the calculation is made in terms of the body surface, while it 
is 24*55 (two and a-half times as great) when the area is expressed in 
percentage of body weight. The corresponding figures for the grouped 
animals are 3*15 and 15*35 per cent, respectively, a deviation nearly five 
times as large. 

Attention may further be drawn to the fact that although the technique 
of these aortic measurements is in the nature of the case much less exact 
than that employed by two of us in measuring the blood volume, and there- 
fore gives much larger figures for the percentage deviation, yet this deviation 
is found to be reduced to precisely the same extent in both cases by grouping 
the animals. Thus in the present instance the ratio between individual 
and grouped percentage deviations (of course reckoning by the body surface) 
is 9*97/3*15, i.e, 3*2, while in the case of the blood volume experiments it 
was 4*43/1*39, or 3*2 again. From the table it is also clearly seen that the 
greater the range of weight of the animal observed the more misleading 
and erroneous is the result obtained by calculating the aortic area in 
percentage of the body weight. Thus, while in the case of the ptarmigan 
and sparrow, where we have only a small range of weight, the difference is 
comparatively small, in the case of ducks, fowls, and rats, which show the 
widest range, the difference may properly be spoken of as enormous, being 
from 13*5 to 16*7 times as large. This shows that if one were to attempt 
to calculate the sectional area of the aorta of a small animal, for example, 
from the ascertained aortic area of a large one of the same species, expressed 
as a percentage of body weight, the result would inevitably be grossly 
misleading, while if it were calculated by our formula a true estimate would 
be obtained, correct within the limits of the experimental errors. 

In Table XV are given the mean deviations as calculated by the method 
of least squares for the eight species concerned in these observations, both 
individually and grouped. From the averages of these it can be seen that 
if one were to make only a single observation and this differed by 30 per 
cent, from the theoretical value given by our formula it would be probable 
that the aortic area in question was abnormal in size, while if it were 
expressed as a percentage of body weight it would have to differ from the 
theoretical area by at least 60 per cent, before one could say with the same 
degree of certainty that it was abnormal. 

If, however, a series of observations were made and averaged, it follows 
from our figures for the mean deviation for grouped animals that if the 
difference between this average and the theoretical value given by our 
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Table XV. — Mean Deviations. 



Species. 



Best n. 



Mean deviation using 
best n in tlie formula 



Mean deviation when 

aortic area is cal- 
culated in percentage 
of body weigh-t. 



G-uinea-pig : individual ... 

„ grouped 

Rat : individual 

„ grouped 

Rabbit (tame) : individual 
„ grouped.., 

Duck: individual 

Fowl: individual 

Ptarmigan : individual 

„ ^ grouped 

Sparrow : individual 

Man: grouped 



0- 


71 


0' 


72. 


0' 


71 


0' 


72 


0' 


71 





•71 





'70 





•72 





•71 





•72 





•71 





•70 



21-51 
3-91 

15 -75 
1-8 

19-47 

11-92 
3-67 
3*25 
8-41 
1-78 

16-51 
4-32 



25*76 
17-81 
23-54 
20-45 
32-08 
29 -96 
45-93 
60-7 
9-1 
4-11 
17*84 
21-67 



Average mean deviation taking /individuals ., 
best n, X grouped 



14-21 
4-75 



29-27 
18-78 



formula was as much as 10 per cent., the aortic area would probably be 
abnormal, and if it amounted to 15 per cent, it would be almost certain 
that the aortic area was abnormally large or small. But if the measure- 
ments were expressed in percentage of body weight it would only be 
possible to say with the same degree of certainty that the aortic area of 
an animal was abnormal when it differed from the calculated value by 
60 per cent. 

Conclusion, 

Within a wide range of weight in any given species of warm-blooded 
animal the sectional area of the lumen of the aorta is proportional to the 
body surface, and can be calculated from the body weight by means of the 
formula A = Yf^^jk, where n has the value O*7O-0-72 and h is a constant to 
be ascertained for each particular species. 
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The Size of the Trachea in Warm-Blooded Animals, and its 
Relationship to the Weighty the Surface Area, the Blood 
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(From the Department of Pathology, University of Oxford.) 

The analysis of data collected in connection with the investigation of a 
number of problems in immunity has led to a series of results, in part 
already published, bearing upon the blood and circulation. The conclusion 
was reached that in certain caises a precise and definite relationship to the 
body surface exists in warm-blooded animals in accordiance with the formula 
W^/a = k^ where W is the body weight of the animal, a represents the mass of 
the body fluid, tissue, or organ under investigation, ^ is a constant, and the 
value of n is approximately 0*70-0*72. 

In view of the fact that the carriage of oxygen is one of the chief 
functions of the circulation, and that the volume of the blood (1), (2), and 
the aortic area (3), (4), (area of cross-section of aorta), have been shown by 
us to be proportional to the body surface in warm-blooded animals, while^ as 
we have also found, the total oxygen capacity is the main factor in deter- 
mining the size of the heart (5), it appeared to be of interest to examine the 
size of the channel by which the oxygen gains access to the lungs. 

Accordingly, the trachea was measured in two species of mammal and one 
bird, namely, guinea-pig, rabbit, and ptarmigan. The animals used were 
healthy individuals in good condition, not previously experimented upon, 



